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The concept of operations a on topological spaces was intro-
duced by Kasahara [1]. Ogata [2] called the operations a
(respectively a-closed set) as c-operations (respectively c-closed
set) and introduced the notion of sc which is the collection of
c-open sets in topological spaces. Sai Sundara Krishnan et al.
[3] introduced the concept of c-pre-open sets and c-semi-pre-open sets in topological spaces and investigated some basic
properties. Saravanakumar et al. [4,5] introduced the concept
of (c; b)-pre-continuous, (c; b)-pre-continuous mappings
and investigated several properties of such mappings. In addition
they deﬁned the relationship between (c; b)-generalized-pre-
continuous and (c; b)-generalized-pre-continuous mappings
and investigated some of their basic properties. Also they
obtained some new characterizations of cp-normal spaces
and cp-regular spaces using through c
-pre-open sets.
In this paper, In Section 3 we deﬁned the notion of c-reg-
ular-open sets and we proved that the concept of c-open sets
and c-regular-open sets are independent. In Section 4 the con-
cept of c-d-open sets was introduced and studied some of their
basic properties. Further we introduced the corresponding
dintc and dclc operators and investigated some of their basic
properties. In Section 5 we introduced and studied the notions
c-d-Ti i ¼ 0; 12 ; 1; 2
 
spaces and established the relationship
between them. In Section 6 and 7 we introduced the concept
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almost-pre-open (closed) mappings and studied some of their
basic properties.
2. Preliminaries
Throughout this paper, we represent the topological spaces
(X, s), (Y; r) and (Z; g) as X;Y and Z respectively. Unless
otherwise no separation axiom mentioned. An operation c
[1] on the topology s is a mapping from s into the power set
PðXÞ of X such that V#V c for each V 2 s, where Vc denotes
the value of c at V. It is denoted by c : s! PðXÞ. A subset A of
X is c-open [2], if for each x 2 A, there exists an open neighbor-
hood U such that x 2 U and Uc#A. Its complement is called
c-closed and sc denotes set of all c-open sets in X. For a subset
A of X; c-interior [2] of A is intcðAÞ ¼ fx 2 A : x 2
N 2 s and Nc#A for some Ng and c-closure [2] of A is
clcðAÞ ¼ fx 2 X : x 2 U 2 s and Uc \ A– ; for all Ug. An
operation c on s is regular [2], if for any open neighborhoods
U;V of each x 2 X, there exists an open neighborhood W of x
such that Uc \ Vc Wc; open [2], if for every neighborhood U
of each x 2 X, there exists a c-open set B such that x 2 B and
Uc  B. A space X is c-regular [2], if for each x 2 X and for
each open neighborhood V of x, there exists an open neighbor-
hood U of x such that Uc#V. A subset A of X is called
c-dense (resp. c-nowhere dense, c-pre-open) [3], if
clcðAÞ ¼ X (resp. intcðclcðAÞÞ ¼ ;;A# intcðclcðAÞÞ). The set of
all c-pre-open sets is denoted by POc ðXÞ. A is c-pre-closed
[3] in X if and only if X A is c-pre-open in X. A is c-pre-clo-
pen [3], if A is both c-pre-open and c-pre-closed in X. For a
subset A of X; c-pre-interior [3] of A is pintc ðAÞ ¼ [
fU : U 2 POc ðXÞ and U#Ag and c-pre-closure [3] of A is
pclc ðAÞ ¼ \fF : X F 2POc ðXÞ and A#Fg. A space X is
c-submaximal [3], if every c-dense set of X is c-open in X.
A space X is a cp-space [3] if every c
-pre-open set of X is c-
open in X. A mapping f : X! Y is (c; b)-irresolute [2] (resp.
(c; b)-contra-irresolute [2]) if for any b-open set B of
Y; f1ðBÞ is c-open (resp. c-closed) in X. A mapping
f : X! Y is (c; b)-pre-continuous [4] (resp. (c; b)-pre-contin-
uous [4]) if for any b-open (resp. b-pre-open) set B of Y,
f1ðBÞ is c-pre-open in X. A mapping f : X! Y is (c; b)-
pre-open [4] (resp. (c; b)-pre-closed [4]) if for any c-pre-open
(resp. c-pre-closed) set A of X; fðAÞ is b-pre-open (resp. b-
pre-closed) in Y. A space X is cp-normal [5], if for any pair
of disjoint c-closed sets A;B of X, there exists disjoint c-pre-
open sets U;V such that A#U and B#V. A space X is cp-reg-
ular [5], if for each c-closed set F of X and each point
x 2 X F, there exists disjoint c-pre-open sets U and V such
that F#U and x 2 V.
Throughout this paper let X;Y and Z be three topological
spaces and operations c : s ! PðXÞ; b : r! PðYÞ and
q : g! PðZÞ on topologies s; r and g respectively. Here
POc ðXÞ;POb ðYÞ and POq ðZÞ denote the family of c-pre-
open sets, b-pre-open sets and q-pre-open sets respectively.
3. c-regular-open sets
Deﬁnition 3.1. Let X be a topological space and c : s! PðXÞ
be an operation on s. A subset A of X is said to be a c-regular-
open set, if A ¼ intcðclcðAÞÞ. The set of all c-regular-open sets
is denoted by ROc ðXÞ. Also A is called c-regular-closed in Xif and only if X A is c-regular-open in X. The set of all
c-regular-closed sets is denoted by RCc ðXÞ.
Example 3.1. Let X ¼ fa; b; c; dg; s ¼ f;;X; fbg; fcg; fdg;
fb; cg; fb; dg; fc; dg; fa; c; dg; fb; c; dgg and deﬁne operation
c : s! PðXÞ by
cðAÞ ¼ A if A ¼ fbg; fcg
clðAÞ if A– fbg; fcg

for every A 2 s:
Then ROc ðXÞ ¼ f;;X; fbg; fcg; fdg; fb; cg; fb; dg; fa; c; dgg
and RCc ðXÞ ¼ f;;X; fbg; fa; cg; fa; dg; fa; b; cg; fa; b; dg;
fa; c; dgg.
Remark 3.1. If A and B are two c-regular-open sets in X, then
A [ B need not be c-regular-open in X.
From Example 3.1, take A ¼ fcg and B ¼ fdg are c-regu-
lar-open sets in X and we have that A [ B ¼ fc; dg is not c-
regular-open in X.
Remark 3.2. If A and B are two c-regular-open sets in X, then
A \ B need not be c-regular-open in X.
Let X ¼ fa; b; c; dg; s ¼ f;;X; fag; fbg; fcg; fa; bg; fa; cg;
fb; cg; fa; b; cg; fa; c; dgg and deﬁne operation c : s! PðXÞ by
cðAÞ ¼ A [ fbg if A ¼ fag; fa; c; dg
A if A– fag; fa; c; dg

for every A 2 s:
Then A ¼ fa; bg and B ¼ fa; cg are c-regular-open sets in X
but A \ B ¼ fag is not c-regular-open in X.
Remark 3.3. The concept of c-open and c-regular-open is
independent.
From Example 3.1, we have that fdg and fb; dg are c-reg-
ular-open sets in X but not c-open in X.
From Remark 3.2, we have that fb; cg and fa; b; cg are c-
open sets in X but not c-regular-open in X.
Theorem 3.1. If A is a c-regular-open set in X, then A is c-pre-
open in X but the converse need not be true.
Proof. Let A be a c-regular-open set in X. Then
A ¼ intcðclcðAÞÞ# intcðclcðAÞÞ. Therefore A is c-pre-open in
X. h
From Example 3.1, we have that fa; cg and fa; b; cg are c-
pre-open sets in X but not c-regular-open in X.
Theorem 3.2. If A#X, then A is a c-regular-closed set in X if
and only if A ¼ clcðintcðAÞÞ.
Proof. Let A be a c-regular-closed set in X. Then X A is c-
regular-open in X. This implies that X A ¼ intc
ðclcðX AÞÞ ¼ X clcðintcðAÞÞ (by Lemma 2.2 [3]). Therefore
A ¼ clcðintcðAÞÞ. Conversely, Suppose that A ¼ clcðintcðAÞÞ.
This implies that X A ¼ X clcðintcðAÞÞ ¼ intcðclcðX AÞÞ
(by Lemma 2.2 [3]). Therefore X A is c-regular-open in X
and hence A is c-regular-closed in X. h
Theorem 3.3. If X is a c-regular space, then the concept of
c-regular-open and regular-open are coincide.
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Theorem 3.4. If A is both c-open and c-regular-closed set in X,
then A is c-clopen in X.
Proof. Suppose thatA is both c-open and c-regular-closed set in
X. Then by Theorem 3.2, we have thatA ¼ clcðintcðAÞÞ ¼ clcðAÞ
sinceA is c-open. ThereforeA ¼ clcðAÞ and henceA is c-closed in
X. Thus A is c-clopen in X. h
Theorem 3.5. If A is both c-closed and c-regular-open set in X,
then A is c-clopen in X.
Proof. Suppose thatA is both c-closed and c-regular-open set in
X. Then byTheorem 3.2, we have thatA ¼ intcðclcðAÞÞ ¼ intcðAÞ
since A is c-closed. Therefore A ¼ intcðAÞ and hence A is c-open
in X. Thus A is c-clopen in X. h
Theorem 3.6. If A is both c-closed and c-pre-open subset of X,
then A is c-regular-open in X.
Proof. Suppose that A is both c-closed and c-pre-open set in
X. Then intcðclcðAÞÞ# clcðAÞ ¼ A (Since A is c-closed)
# intcðclcðAÞÞ (Since A is c-pre-open). Therefore
A ¼ intcðclcðAÞÞ and hence A is c-regular-open in X. h
Theorem 3.7. If A is both c-open and c-pre-closed subset of X,
then A is c-regular-closed in X.
Proof. Suppose that A is both c-open and c-pre-closed set in
X. Then clcðintcðAÞÞ#A (Since A is c-pre-closed)
# clcðAÞ ¼ clcðintcðAÞÞ (Since A is c-open). Therefore
A ¼ clcðintcðAÞÞ and hence A is c-regular-closed in X. h
Theorem 3.8. If A is both c-regular-open and c-nowhere dense
set in X, then A is empty in X.
Proof. Suppose that A is both c-regular-open and c-nowhere
dense set in X. Then A ¼ intcðclcðAÞÞ (since A is c-regular-
open)=; (since A is c-nowhere dense). Therefore A ¼ ;. h
Theorem 3.9. If A is both c-regular-open and c-dense set in X,
then A ¼ X.
Proof. Suppose that A is both c-regular-open and c-dense set
in X. Then A ¼ intcðclcðAÞÞ (since A is c-regular-
open)=intcðXÞ (since A is c-dense). Therefore A ¼ X. h4. c-d.open setsDeﬁnition 4.1. Let X be a topological space and c : s! PðXÞ
be an operation on s. A subset A of X is said to be a c-d.open
set, if for each x 2 A, there exists a c-regular-open set U in X
such that x 2 U#A. The set of all c-d.open sets is denoted by
dOc ðXÞ.
Example 4.1. From Example 3.1, dOc ðXÞ ¼ f;;X;
fbg; fcg; fdg; fb; cg; fb; dg; fc; dg; fa; c; dg; fb; c; dgg.Remark 4.1. The concept of c-open and c-d.open is
independent.
From Example 3.1, fdg; fb; dg; fc; dg and fb; c; dg are c-
d.open sets in X but not c-open in X.
Let X ¼ fa; b; cg; s ¼ f;;X; fag; fbg; fa; bg; fa; cgg and de-
ﬁne operation
c : s! PðXÞ by
cðAÞ ¼ A if A ¼ fa; bg
clðAÞ if A– fa; bg

for every A 2 s:
Then fa; bg is a c-open set in X but not c-d.open in X.
Theorem 4.1. If A is a c-regular-open set in X, then A is c-
d.open in X but the converse need not be true.
Proof. Follows from Deﬁnition 3.1. h
From Example 3.1, we have fc; dg and fb; c; dg that are c-
d.open sets in X but not c-regular-open in X.
Theorem 4.2. If A is a c-d.open set in X, then A is c-pre-open
in X but the converse need not be true.
Proof. Let A be a c-d.open set in X and let x 2 A. Then there
exists a c-regular-open set U in X such that x 2 U#A. This
implies that x 2 U ¼ intcðclcðUÞÞ# intcðclcðAÞÞ. Therefore
A# intcðclcðAÞÞ and hence A is c-pre-open in X. h
From Example 3.1, we have that fa; cg and fa; b; cg are c-
pre-open sets in X but not c-d.open in X.
Theorem 4.3. If fAa : a 2 Jg is the collection of c-d.open sets in
X, then
S
a2JAa is also a c
-d.open set in X.
Proof. Let fAa : a 2 Jg be the collection of c-d.open sets in X
and let x 2 Sa2JAa. Then x 2 Aa for some a 2 J. Since Aa is c-
d.open, there exists a c-regular-open U set in X such that
x 2 U#Aa#
S
a2JAa. Therefore
S
a2JAa is also a c
-d.open
set in X. h
Remark 4.2. If A and B are two c-d.open sets in X, then A \ B
need not be c-d.open in X.
Let X ¼ fa; b; cg; s ¼ PðXÞ and deﬁne operation
c : s ! PðXÞ by
cðAÞ ¼ A [ fbg if A ¼ fag
A if A– fag

for every A 2 s:
Then A ¼ fa; bg and B ¼ fa; cg are c-d.open sets in X but
A \ B ¼ fag is not c-d.open in X.
Theorem 4.4. If A is both c-d.open and c-nowhere dense set in
X, then A is empty in X.
Proof. Let A be both c-d.open and c-nowhere dense set in
X and let x 2 A. Then there exists a c-regular-open set
U 2 X such that x 2 U#A. This implies that
x 2 U ¼ intcðclcðUÞÞ# intcðclcðAÞÞ ¼ ; (since A is c-nowhere
dense). Therefore A ¼ ;. h
On almost-pre-continuous mappings in topological spaces 183Remark 4.3. If A is both c-d.open and c-dense set in X, then
A is need not be equal to X.
From example in Remark 4.2, let A ¼ fb; cg. Then A is
both c-d.open and c-dense in X. But A– X.
Deﬁnition 4.2. Let X be a topological space and c : s! PðXÞ
be an operation on s. A subset A of X is said to be a c-d.closed
set if and only if X A is c-d.open in X. The set of all
c-d.closed sets is denoted by dCc ðXÞ.
Example 4.2. From Example 3.1, dCc ðXÞ ¼ f;;X; fag;
fbg; fa; bg; fa; cg; fa; dg; fa; b; cg; fa; b; dg; fa; c; dgg.
Theorem 4.5. If fAa : a 2 Jg is the collection of c-d.closed sets
in X, then
T
a2JAa is also a c
-d.closed set in X.
Proof. Let fAa : a 2 Jg be the collection of c-d.closed sets in
X and Let Aa ¼ X Ba. Then Ba is c-d.open in X. By
Theorem 4.3, we have that
S
a2JBa is also c
-d.open in X. This
implies that XSa2JBa is c-d.closed in X. Since
XSa2JBa ¼ Ta2JðX BaÞ ¼ Ta2JAa and therefore Ta2JAa
is c-d.closed in X. h
Remark 4.4. If A and B are two c-d.closed sets in X, then A [ B
need not be c-d.closed in X.
From example in Remark 4.2, take A ¼ fbg and B ¼ fcg.
Then A and B are c-d.closed sets in X but A [ B ¼ fb; cg is
not c-d.closed in X.
Deﬁnition 4.3. Let X be a topological space and c : s! PðXÞ
be an operation on s. Then c-d.interior of A is deﬁned as
union of all c-d.open sets contained in A.
Thus dintc ðAÞ ¼ [fU : U 2 dOc ðXÞ and U#Ag.
Deﬁnition 4.4. Let X be a topological space and c : s! PðXÞ
be an operation on s. Then c-d.closure of A is deﬁned as
intersection of all c-d.closed sets containing A.
Thus dclc ðAÞ ¼ \fF : X F 2 dOc ðXÞ and A#Fg.
Theorem 4.6. Let A be a subset of X. Then the following are
hold:
(i) dintc ðAÞ is a c-d.open set contained in A;
(ii) dclc ðAÞ is a c-d.closed set containing A;
(iii) A is c-d.closed if and only if dclc ðAÞ ¼ A;
(iv) A is c-d.open if and only if dintc ðAÞ ¼ A;
(v) dintc ðAÞ ¼ X  dclc ðX  AÞ;
(vi) dclc ðAÞ ¼ X  dintc ðX  AÞ;
(vii) dintc ðAÞ# pintc ðAÞ;
(viii) dclc ðAÞ  pclc ðAÞ.
Proof.
(i) From Theorem 4.3, arbitrary union of c-d.open sets is
c-d.open. Then dintc ðAÞ is a c-d.open set contained inA.
(ii) FromTheorem 4.5, arbitrary intersection of c-d.closed sets
is c-d.closed. Then dclc ðAÞ is c-d.closed containing A.(iii) By (ii), dclc ðAÞ is c-d.closed containing A. Since A is
c-d.closed in X and by Deﬁnition 4.4, we have that
dclc ðAÞ ¼ A. Conversely, suppose that dclc ðAÞ ¼ A.
Then by (ii), A is c-d.closed in X.
(iv) By (i), dintc ðAÞ is c-d.open contained in A. Since A is
c-d.open in X and by Deﬁnition 4.3, we have that
dintc ðAÞ ¼ A. Conversely, suppose that dintc ðAÞ ¼ A.
Then by (ii), A is c-d.open in X.
(v) From Deﬁnition 4.4, we have that X  dclc
ðX  AÞ ¼ X  \fF : X  F 2 dOc ðX Þ and A# F g ¼ [
fX  F : X  F 2 dOc ðX Þ and X  F #Ag ¼ dintc ðAÞ.
(vi) From Deﬁnition 4.3, we have that X  dintc
ðX  AÞ ¼ X  [ fU : U 2 dOc ðX Þ and U #Ag ¼ \
fX  U : X  ðX  UÞ 2 dOc ðX Þ and A# X  Ug ¼
dclc ðAÞ.
(vii) From Theorem 4.2, every c-d.open set is c-pre-open.
Since pintc ðAÞ is the union of all c-pre-open set. Then
by (i), dintc ðAÞ# pintc ðAÞ.
(viii) Follows from Theorem 4.2 and condition (vii). h
Theorem 4.7. If A and B are two subsets of X, then the following
are hold:
(i) If A#B, then dintc ðAÞ# dintc ðBÞ;
(ii) dintc ðA [ BÞ ¼ dintc ðAÞ [ dintc ðBÞ;
(iii) dintc ðA \ BÞ# dintc ðAÞ \ dintc ðBÞ.
Proof.
(i) Let A#B. Then dintc ðAÞ is a c-d.open set contained in
B. Since dintc ðBÞ is the greatest c-d.open set contained
in B, we have that dintc ðAÞ# dintc ðBÞ.
(ii) Clearly dintc ðAÞ [ dintc ðBÞ# dintc ðA [ BÞ. Since
dintc ðAÞ is the greatest c-d.open set contained in A and
dintc ðBÞ is the greatest c-d.open set contained in B, this
implies that dintc ðAÞ [ dintc ðBÞ is the greatest
c-d.open set contained in A [ B. Therefore
dintc ðA [ BÞ# dintc ðAÞ [ dintc ðBÞ and hence dintc
ðA [ BÞ ¼ dintc ðAÞ [ dintc ðBÞ.
(iii) From (i), dintc ðA \ BÞ# dintc ðAÞ \ dintc ðBÞ. h
Theorem 4.8. For a point x 2 X; x 2 dclc ðAÞ if and only if
V \ A– ; for any V 2 dOc ðXÞ such that x 2 V.
Proof. Let F0 be the set of all y 2 X such that V \ A– ; for
any V 2 dOc ðXÞ and y 2 V. Now, we prove that
dclc ðAÞ ¼ F0. Let us assume x 2 dclc ðAÞ and x R F0. Then
there exists a c-d.open set U of x such that U \ A ¼ ;. this
implies that A#XU. Therefore dclc ðAÞ#XU. Hence
x R dclc ðAÞ. This is a contradiction. Hence dclc ðAÞ#F0.
Conversely, let F be a set such that A#F and
X F 2 dOc ðXÞ. Let x 2 F. then we have that x 2 X F
and ðX FÞ \ A ¼ ;. This implies that x R F0. Therefore
F0#F. Hence F0# dclc ðAÞ. h
184 D. Saravanakumar et al.5. Separation axiomsDeﬁnition 5.1. A topological space X is called a c-d:T0 space if
for each distinct points x; y 2 X, there exists a c-d.open set U
such that either x 2 U and y 2 U or y 2 U and x 2 U.
Deﬁnition 5.2. A topological space X is called a c-d:T1 space if
for each distinct points x; y 2 X, there exists a c-d.open sets U
and V that contain x and y respectively such that y R U and
x R V.
Deﬁnition 5.3. A topological space X is called a c-d:T2 space if
for each distinct points x; y 2 X, there exists a c-d.open sets U
and V such that x 2 U and y 2 V and U \ V ¼ ;.
Deﬁnition 5.4. Let X be a topological space and A be a subset
of X. Then A is called a c-d.generalized closed (brieﬂy
c-dg.closed) set if dclc ðAÞ#U whenever A#U and U is a
c-d.open set in X.
Theorem 5.1. If A is a c-d.closed set in X, then A is c-dg.closed
in X. But converse need not be true.
Proof. Let A be a c-d.closed set in X such that A#U where U
is c-d.open in X. Then by Theorem 4.6, we have that
dclc ðAÞ ¼ A. This implies that dclc ðAÞ#U. Therefore A is
c-dg.closed in X. h
Let X ¼ fa; b; c; dg; s ¼ f;;X; fc; dgg and deﬁne operation
c : s! PðXÞ by cðAÞ ¼ A for every A 2 s. Then fag and fbg
are c-dg.closed sets but not c-d.closed.
Deﬁnition 5.5. A topological space X is called a c-d:T1
2
space if
for each c-dg.closed set of X is c-d.closed.
Theorem 5.2. Let X be a topological space and A be a subset of
X. Then A is c-dg.closed if and only if dclc ðfxgÞ \ A– ; holds
for every x 2 dclc ðAÞ.
Proof. Let U be any c-d.open set such that A#U. Let
x 2 dclc ðAÞ. By assumption there exists a point
z 2 dclc ðfxgÞ and z 2 A#U. Therefore from Theorem 4.8,
U \ fxg – ;. This implies that x 2 U. Hence A is a c-dg.closed
set in X. Conversely, suppose there exists a point x 2 dclc ðAÞ
such that dclc ðfxgÞ \ A ¼ ;. Since dclc ðfxgÞ is a c-d.closed
set implies that X dclc ðfxgÞ is a c-d.open set. Since
A#X dclc ðfxgÞ and A is c-dg.closed set, implies that
dclc ðAÞ#X dclc ðfxgÞ. Hence x R dclc ðAÞ. This is a contra-
diction. h
Theorem 5.3. Let X be a topological space and A be the c-
dg.closed set in X. Then dclc ðAÞ  A does not contain nonempty
c-d.closed set.
Proof. Suppose there exists a nonempty c-d.closed set F such
that F# dclc ðAÞ  A. Let x 2 F. Then x 2 dclc ðAÞ, implies
that F \ A ¼ dclc ðAÞ \ A  dclc ðfxgÞ \ A– ; and hence
F \ A – ;. This is a contradiction. h
Theorem 5.4. For each x 2 X; fxg is c-d.closed or X fxg is
c-dg.closed.Proof. Suppose that fxg is not c-d.closed. Then X fxg is
not c-d.open. This implies that X is the only c-d.open set con-
taining X fxg and hence X fxg is c-dg.closed. h
Theorem 5.5. A topological space X is a c-d.T1
2
space if and
only if for each x 2 X; fxg is c-d.open or c-d.closed.
Proof. Suppose that fxg is not c-d.closed. Then it follows
from the assumption and Theorem 5.4, fxg is c-d.open. Con-
versely, let F be a c-dg.closed set in X. Let x 2 dclc ðFÞ. Then
by the assumption fxg is either c-d.open or c-d.closed.
Case(i): Suppose that fxg is c-d.open. Then by Theo-
rem 4.8, fxg \ F– ;. This implies that dclc ðFÞ ¼ F. Therefore
X is a c-d.T1
2
space.
Case(ii): Suppose that fxg is c-d.closed. Let us assume
x R F. Then x 2 dclc ðFÞ  F. This is a contradiction. Hence
x 2 F. Therefore X is a c-d.T1
2
space. h
Theorem 5.6. A space X is c-d.T1 if and only if for any
x 2 X; fxg is a c-d.closed set.
Proof. Let x 2 X such that x – y, where y 2 X. Since X is c-
d.T1, then there exists c-d.open sets U and V such that x 2 U
and y 2 V and y R U and x R V. This implies that V#X fxg
and V contain all points of X except the point X. Therefore
X V is a c-d.closed set contains the point x only and hence
X V ¼ fxg is c-d.closed. Conversely, assume that fxg is c-
d.closed. Let x and y be two distinct points in X. Then by
hypothesis, fxg and fyg are c-d.closed sets. This implies that
X fxg and X fyg are c-d.open sets containing y and x
respectively such that x R X fxg and y R X fyg. Hence X
is c-d.T1. h6. (c; b)-almost-pre-continuous
Deﬁnition 6.1. A mapping f : X! Y is said to be (c; b)-
almost-pre-continuous if for any b-regular-open set B of
Y; f1ðBÞ is c-pre-open in X.
Example 6.1. Let X ¼ fa; b; cg;Y ¼ f1; 2; 3g; s ¼ f;;X;
fag; fbg; fa; bgg and r ¼ f;;Y; f1g; f2g; f1; 2g; f1; 3gg and
deﬁne operations c : s! PðXÞ and b : r! PðYÞ by
cðAÞ ¼ A [ fcg if A ¼ fag
A if A – fag

for every A 2 s
and
bðAÞ ¼ A if A ¼ f1; 2g
clðAÞ if A– f1; 2g

for every A 2 r
respectively.
Deﬁne f : X! Y by fðaÞ ¼ 2; fðbÞ ¼ 1 and fðcÞ ¼ 3. Then
the inverse image of every b-regular-open set is c-pre-open
under f. Hence f is (c; b)-almost-pre-continuous.
Remark 6.1. Every (c; b)-pre-continuous mapping is (c; b)-
almost-pre-continuous. But converse need not be true.
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pre-continuous. Also f1ðf2; 3gÞ ¼ fa; cg is not c-pre-open
in X for the b-pre-open set f2; 3g of Y. Hence f is not
(c; b)-pre-continuous.
Remark 6.2. If X and Y are c-regular-space and b-regular-space
respectively, then the concepts of (c; b)-almost-pre-continuous
and almost-pre-continuous are coincide.
Proof. Follows from Deﬁnition 6.1 and Theorem 3.1 [2]. h
Deﬁnition 6.2. A subset A of a space X is said to be a c-reg-
ular-neighborhood (resp. c-pre-neighborhood [3]) of a point
x 2 X if there exists a c-regular-open (resp. c-pre-open) set
U such that x 2 U#A.
Theorem 6.1. A mapping f : X! Y is (c; b)-almost-pre-
continuous if and only if for each x in X, the inverse of every
b-regular-neighborhood of fðxÞ is a c-pre-neighborhood of x.
Proof. Let x 2 X and let B be a b-regular-neighborhood of
fðxÞ in Y. Then by Deﬁnition 6.2, there exists V 2 ROb ðYÞ
such that fðxÞ 2 V#B. This implies that x 2 f1ðVÞ# f1ðBÞ.
Since f is (c; b)-almost-pre-continuous, so f1ðVÞ 2 POc
ðXÞ. Hence f1ðBÞ is a c-pre-neighborhood of x. Conversely,
let B 2 ROb ðYÞ. Put A ¼ f1ðBÞ. Let x 2 A. Then fðxÞ 2 B.
Clearly, B (being c-pre-open) is a b-regular-neighborhood
of fðxÞ. So by hypothesis, A ¼ f1ðBÞ is a c-pre-neighborhood
of x. Therefore by Deﬁnition 6.2, there exists Ax 2 POc ðXÞ
such that x 2 Ax#A. This implies that A ¼
S
x2AAx. By The-
orem 2.1 [3], we have that A is c-pre-open in X. Hence f is
(c; b)-almost-pre-continuous. h
Theorem 6.2. A mapping f : X! Y is (c; b)-almost-pre-con-
tinuous if and only if for each x in X and each b-regular-neigh-
borhood B of fðxÞ, there is a c-pre-neighborhood A of x such
that fðAÞ#B.
Proof. Let x 2 X and B be a b-regular-neighborhood of fðxÞ.
Then, there exists OfðxÞ 2 ROb ðYÞ such that fðxÞ 2 OfðxÞ#B. It
follows that x 2 f1ðOfðxÞÞ# f1ðBÞ. By hypothesis,
f1ðOfðxÞÞ 2 POc ðXÞ. Let A ¼ f1ðBÞ. Then it follows that A
is c-pre-neighborhood of x and fðAÞ ¼ fðf1ðBÞÞ#B. Con-
versely, let U 2 ROb ðYÞ. Take W ¼ f1ðUÞ. Let x 2W. Then
fðxÞ 2 U. Thus U is a b-regular-neighborhood of fðxÞ. So by
hypothesis, there exists a c-pre-neighborhood Vx of x such
that fðVxÞ#U. Thus it follows that
x 2 Vx# f1ðfðVxÞÞ# f1ðUÞ ¼W. Since Vx is a c-pre-neigh-
borhood of x, which implies that there exists a
Wx 2 POc ðXÞ such that x 2Wx#W. This implies that
W ¼ Sx2WWx. By Theorem 2.1 [3], W is c-pre-open in X.
Thus f is (c; b)-almost-pre-continuous. h
Theorem 6.3. Let f : X! Y be a mapping. Then the following
statements are equivalent:
(i) f is (c; b)-almost-pre-continuous;
(ii) for each x 2 X and each b-regular-open set B of f ðxÞ,
there is a c-pre-open set A of x such that f ðAÞ#B;
(iii) for any b-regular-closed set V of Y, f 1ðV Þ is c-pre-
closed in X.Proof.
(i) ) (ii). Let x 2 X and B be any b-regular-open set of Y
containing f ðxÞ. We take A ¼ f 1ðBÞ. Then by (i), A is a c-
pre-open set containing x and f ðAÞ ¼ f ðf 1ðBÞÞ#B.
(ii) ) (iii). Let V be a b-regular-closed set in Y. Then
U ¼ Y  V is b-regular-open in Y. Take W ¼ f 1ðUÞ.
Let x 2 W . Then U is a b-regular-open set containing
f ðxÞ. By (ii), there exists c-pre-open set Ax of x such that
f ðAxÞ#U , implies that Ax#W . Therefore f 1ðUÞ ¼ W ¼S
x2W Ax is c
-pre-open in X. Hence f 1ðV Þ ¼ X  f 1
ðY  V Þ ¼ X  f 1ðUÞ is c-pre-closed in X.
(iii) ) (i). Let B be a b-regular-open set in Y. We
take V ¼ Y  B. Then V is b-regular-closed in Y. By
(iii), f 1ðV Þ is c-pre-closed in X. Hence f 1ðBÞ ¼
X  f 1ðY  BÞ ¼ X  f 1ðV Þ is c-pre-open in X. h
Theorem 6.4. If f is (c; b)-almost-pre-continuous, then for any
b-clopen set V of Y; f1ðVÞ is c-pre-open in X.
Proof. Let V be a b-clopen set in Y. Since every b-clopen set B
of Y is b-regular-open, then by hypothesis, f1ðVÞ is c-pre-
open in X. h
Theorem 6.5. If f : X! Y is a (c; b)-almost-pre-continuous
mapping and X0 is a c-open subset of X, then the restriction
fjX0 : X0 ! Y is (c; b)-almost-pre-continuous, where c is a
regular operation on s.
Proof. Let V be any b-regular-open set of Y. Since f is (c; b)-
almost-pre-continuous, f1ðVÞ is c-pre-open in X and by The-
orem 2.5 [3], f1ðVÞ \ X0 ¼ ðfjX0Þ1ðVÞ 2 POc ðXÞ. Since
X0#X, we have that ðfjX0Þ1ðVÞ is c-pre-open in X0. This
shows that fjX0 is (c; b)-almost-pre-continuous. h
Theorem 6.6. Let X be a space and c be a regular operation on s
and fVi : i 2 Jg a cover of X by c-open sets of X. A mapping
f : X! Y is (c; b)-almost-pre-continuous if and only if the
restriction fjVi : Vi ! Y is (c; b)-almost-pre-continuous for
each i 2 J.
Proof. Let f be a (c; b)-almost-pre-continuous. Then by Theo-
rem 6.5, fjVi is (c; b)-almost-pre-continuous for each i 2 J.
Conversely, let fjVi be (c; b)-almost-pre-continuous for each
i 2 J. For any b-regular-open set V of Y; ðfjViÞ1ðVÞ is c-pre-
open in Vi for each i 2 J and hence f1ðVÞ ¼
[fðfjViÞ1ðVÞ : i 2 Jg is c-pre-open in X by Theorem 2.1 [3].
This shows that f is (c; b)-almost-pre-continuous. h
Theorem 6.7. If X ¼ R [ S, where R and S are c-open sets and
f : X! Y is a mapping such that both fjR and fjS are (c; b)-
almost-pre-continuous, then f is (c; b)-almost-pre-continuous,
where c is a regular operation on s.
Proof. Let V be any b-regular-open set of Y. Then
f1ðVÞ ¼ ðfjRÞ1ðVÞ [ ðfjSÞ1ðVÞ. Since fjR and fjS are
(c; b)-almost-pre-continuous, we have ðfjRÞ1ðVÞ and
ðfjSÞ1ðVÞ that are c-pre-open sets in R and S, respectively.
Since c is regular, also R and S are c-open sets, then by Theo-
rem 2.5 [3], we have that ðfjRÞ1ðVÞ \ R and ðfjSÞ1ðVÞ \ S are
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ðfjSÞ1ðVÞ are c-pre-open sets in X. Since the union of
c-pre-open sets is c-pre-open, hence f1ðVÞ is c-pre-open in
X. Therefore f is (c; b)-almost-pre-continuous. h
In general, if X ¼ SfKi : i 2 Jg, where each Ki is a c-open
set and f : X! Y is a mapping such that fjKi is (c; b)-
almost-pre-continuous for each i 2 J, then f is (c; b)-
almost-pre-continuous, where c is a regular operation on s.
Theorem 6.8. Let X ¼ R1 [ R2, where R1 and R2 are c-open
sets in X. Let f : R1 ! Y and g : R2 ! Y be (c; b)-almost-pre-
continuous. If fðxÞ ¼ gðxÞ for each x 2 R1 \ R2. Then
h : R1 [ R2 ! Y such that hðxÞ ¼ fðxÞ for each x 2 R1 and
hðxÞ ¼ gðxÞ for x 2 R2 is (c; b)-almost-pre-continuous, where
c is a regular operation on s.
Proof. Let V be a b-regular-open set of Y. Now
h1ðVÞ ¼ f1ðVÞ [ g1ðVÞ. Since f and g are (c; b)-almost-
pre-continuous, we have that f1ðVÞ and g1ðVÞ are c-pre-
open in R1 and R2, respectively. But R1 and R2 are c-open sets
in X and is a regular operation on s, then by Theorem 2.5 [3],
f1ðVÞ \ R1 and g1ðVÞ \ R2 are c-pre-open in R1 and R2,
respectively. This implies that f1ðVÞ and g1ðVÞ are
c-pre-open sets in X. Since the union of c-pre-open sets is
c-pre-open, so h1ðVÞ is a c-pre-open set in X. Hence f is
(c; b)-almost-pre-continuous. h
Theorem 6.9. Let f : X! Y be (c; b)-almost-pre-continuous
and injective. If Y is b-d:T2 (resp. b
-d:T1), then X is c-pre-
T2 (resp.c-pre-T1).
Proof. Suppose Y is b-d:T2. Let x and y be two distinct points
of X. Then, there exists two b-d.open sets A and B such that
fðxÞ 2 A; fðyÞ 2 B and A \ B ¼ ;. This implies that, there exists
two b-regular-open sets U and V such that
fðxÞ 2 U#A; fðyÞ 2 V#B and U \ V ¼ ;. Since f is (c; b)-
almost-pre-continuous, for U and V, there exists two c-pre-
open sets W and S such that x 2W and y 2 S; fðWÞ#U and
fðSÞ#V, implies thatW \ S ¼ ;. Hence X is c-pre-T2. In sim-
ilar way we prove X is c-pre-T1 whenever Y is b
-d:T1. h
Note that if f : X! Y is (c; b)-almost-pre-continuous and
g : Y! Z is (b; q)-almost-pre-continuous, then the composi-
tion gof : X! Z is not (c; q)-almost-pre-continuous.
Example 6.2. Let X ¼ Y ¼ Z ¼ fa; b; c; dg; s ¼ f;;X; fbg;
fcg; fdg; fb; cg; fb; dg; fc; dg; fa; c; dg; fb; c; dgg, r ¼ f;;Y;
fag; fbg; fa; bg; fa; cg; fa; b; cg; fa; c; dgg and g ¼ f;;Z; fag;
fdg; fa; dg; fb; cg; fa; b; cg; fb; c; dgg and deﬁne operations
c : s! PðXÞ; b : r! PðYÞ and q : g! PðZÞ by
cðAÞ ¼ A if A ¼ fcg
clðAÞ if A– fcg

for every A 2 s
bðAÞ ¼
A [ fbg if A ¼ fag
A [ fdg if A ¼ fbg
A if A ¼ fa; bg
intðclðAÞÞ if A– fag; fbg; fa; bg
8>><
>>:
for every A 2 r
andqðAÞ ¼
A [ fdg if A ¼ fag
A if A ¼ fa; dg
A [ fbg if A– fag; fa; dg
8><
>: for every A 2 g
respectively.
Deﬁne f : X! Y by fðaÞ ¼ a; fðbÞ ¼ c; fðcÞ ¼ b and fðdÞ ¼ d
and deﬁne g : Y! Z by gðaÞ ¼ a; gðbÞ ¼ b; gðcÞ ¼ c and
gðdÞ ¼ d. Then f and g are (c; b)-almost-pre-continuous and
(b; q)-almost-pre-continuous respectively. Also ðgofÞ1
ðfa; dgÞ ¼ fa; dg is not c-pre-open in X for the q-regular-
open set fa; dg of Z. Hence gof is not (c; q)-almost-pre-
continuous.
Theorem 6.10. If f : X! Y is (c; b)-pre-continuous and
g : Y! Z is (b; q)-almost-pre-continuous, then the composi-
tion gof : X! Z is (c; q)-almost-pre-continuous.
Proof. Straightforward. h7. (c; b)-almost-pre-open and (c; b)-almost-pre-closed
Deﬁnition 7.1. A mapping f : X! Y is said to be (c; b)-
almost-pre-open if for any A 2 ROc ðXÞ; fðAÞ 2 POb ðYÞ.
Example 7.1. Let X ¼ fa; b; c; dg;Y ¼ f1; 2; 3; 4g; s ¼ f;;X;
fag; fdg; fa; dg; fb; cg; fa; b; cg; fb; c; dgg and r ¼ f;;Y; f2g;
f3g; f4g; f2; 3g; f2; 4g; f3; 4g; f1; 3; 4g; f2; 3; 4gg and deﬁne
operations c : s! PðXÞ and b : r! PðYÞ by cðAÞ ¼ A for
every A 2 s and
bðAÞ ¼ A if A ¼ f3g
clðAÞ if A– f3g

for every A 2 r
respectively.
Deﬁne f : X! Y by fðaÞ ¼ 2; fðbÞ ¼ 1; fðcÞ ¼ 3 and
fðdÞ ¼ 4. Then the image of every c-regular-open set is
b-pre-open under f. Hence f is (c; b)-almost-pre-open.
Remark 7.1. Every (c; b)-pre-open mapping is (c; b)-
almost-pre-open. But converse need not be true.
From Example 7.1, we have that f is (c; b)-almost-pre-
open. Also fðfa; b; dgÞ ¼ f1; 2; 4g is not b-pre-open in Y for
the c-pre-open set fa; b; dg of X. Hence f is not (c; b)-pre-
open.
Note that if f : X! Y is (c; b)-almost-pre-open and
g : Y! Z is (b; q)-almost-pre-open, then the composition
gof : X! Z is not (c; q)-almost-pre-open mapping.
Example 7.2. Let X ¼ Y ¼ Z ¼ fa; b; c; dg; s ¼ f;;X; fag; fbg;
fa; bg; fa; b; cgg; r ¼ f;;Y; fag; fbg; fa; bg; fa; dg; fa; b; dgg
and g ¼ f;;Z; fbg; fcg; fdg; fb; cg; fb; dg; fc; dg; fa; c; dg;
fb; c; dgg and deﬁne operations c : s ! PðXÞ; b : r! PðYÞ
and q : g! PðZÞ by
cðAÞ ¼ A if A ¼ fag; fa; bg
clðAÞ if A– fag; fa; bg

for every A 2 s
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A if A ¼ fag; fbg
A [ fcg if A ¼ fa; bg
clðAÞ if A – fag; fbg; fa; bg
8><
>: for every A 2 r
and
qðAÞ ¼ A if A ¼ fcg
clðAÞ if A – fcg

for every A 2 g
respectively.
Deﬁne f : X! Y by fðaÞ ¼ a; fðbÞ ¼ b; fðcÞ ¼ c and fðdÞ ¼ d
and deﬁne g : Y! Z by gðaÞ ¼ a; gðbÞ ¼ b; gðcÞ ¼ d and
gðdÞ ¼ c. Then f and g are (c; b)-almost-pre-open and
(b; q)-almost-pre-open respectively. Also ðgofÞðfagÞ ¼ fag
is not q-pre-open in Z for the c-regular-open set fag of X.
Hence gof is not (c; q)-almost-pre-open.
Theorem 7.1. If f : X! Y is (c; b)-almost-pre-open and
g : Y! Z is (b; q)-pre-open, then the composition
gof : X! Z is (c; q)-almost-pre-open.s
Proof. Straightforward. h
Theorem 7.2. A mapping f : X! Y is (c; b)-almost-pre-open
if and only if for each x 2 X and for every A 2 ROc ðXÞ such
that x 2 A, there exists B 2 POb ðYÞ such that fðxÞ 2 B and
B# fðAÞ.
Proof. Let A be a c-regular-open set of x in X. Then
fðxÞ 2 fðAÞ. Since f is (c; b)-almost-pre-open, we have that
fðAÞ is b-pre-open neighborhood of fðxÞ in Y. Then by Deﬁ-
nition 6.2, there exists B 2 POb ðYÞ such that
fðxÞ 2 B# fðAÞ. Conversely, let A 2 ROc ðXÞ and x 2 A. Then
by assumption, there exists B 2 POb ðYÞ such that
fðxÞ 2 B# fðAÞ. Therefore fðAÞ is a b-pre-open neighborhood
of fðxÞ in Y and this implies that fðAÞ ¼ SfðxÞ2fðAÞB. Then by
Theorem 2.1 [3], fðAÞ is b-pre-open in Y. Hence f is (c; b)-
almost-pre-open. h
Theorem 7.3. A mapping f : X! Y is (c; b)-almost-pre-open
if and only if for each x 2 X and for every c-regular-neighbor-
hood U of x in X, there exists a c-pre-neighbourhood V of fðxÞ
in Y such that V# fðUÞ.
Proof. Let U be a c-regular-neighborhood of x 2 X. Then by
Deﬁnition 6.2, there exists a c-regular-open set W such that
x 2W#U. This implies that fðxÞ 2 fðWÞ# fðUÞ. Since f is
(c; b)-almost-pre-open mapping, we have that fðWÞ is b-
pre-open. Hence V ¼ fðWÞ is a b-pre-neighborhood of fðxÞ
and V# fðUÞ. Conversely, let U 2 ROc ðXÞ and x 2 U. Then
U is a c-regular-neighborhood of x. So by hypothesis, there
exists a b-pre-neighborhood V of fðxÞ such that
fðxÞ 2 V# fðUÞ. That is, fðUÞ is a b-pre-neighborhood of
fðxÞ. Thus fðUÞ is a b-pre-neighborhood of each of its points.
Therefore fðUÞ is b-pre-open. Hence f is (c; b)-almost-pre-
open. h
Theorem 7.4. A mapping f : X! Y is (c; b)-almost-pre-open
if and only if fðdintc ðAÞÞ# pintb ðfðAÞÞ, for all A#X.Proof. Let x 2 dintc ðAÞ. Then, there exists U 2 ROc ðXÞ such
that x 2 U# dintc ðAÞ#A. So fðxÞ 2 fðUÞ# fðAÞ. Since f is
(c; b)-almost-pre-open, we have that fðUÞ 2 POb ðYÞ. Hence
fðxÞ 2 pintb ðfðAÞÞ. Thus fðdintc ðAÞÞ# pintb ðfðAÞÞ. Con-
versely, let U 2 ROc ðXÞ. Then U 2 dOc ðXÞ. By hypothesis,
fðUÞ ¼ fðdintc ðUÞÞ# pintb ðfðUÞÞ# fðUÞ. This implies that
fðUÞ is b-pre-open in Y. So f is (c; b)-almost-pre-open. h
Theorem 7.5. A mapping f : X! Y is (c; b)-almost-pre-open
if and only if dintc ðf1ðBÞÞ# f1 pintb ðBÞ
 
, for all B#Y.
Proof. Let B be any subset of Y. Clearly, dintc ðf1ðBÞÞ is c-
d.open in X. Also fðdintc ðf1ðBÞÞÞ# fðf1ðBÞÞ#B. Since f is
(c; b)-almost-pre-open and by Theorem 7.4, we have that
fðdintc ðf1ðBÞÞÞ# pintb ðBÞ. Therefore dintc ðf1ðBÞÞ# f1
ðfðdintc ðf1ðBÞÞÞÞ# f1ðpintb ðBÞÞ. This gives dintc
ðf1ðBÞÞ# f1ðpintb ðBÞÞ. Conversely, let A#X. By hypothesis,
we obtain dintc ðAÞ# dintc ðf1ðfðAÞÞÞ# f1ðpintb ðfðAÞÞÞ. This
implies that fðdintc ðAÞÞ# fðdintc ðf1ðfðAÞÞÞÞ# fðf1ðpintb
ððfðAÞÞÞÞ# pintb ðfðAÞÞ. Consequently, fðdintc ðAÞÞ# pintb
ðfðAÞÞ, for all A#X. By Theorem 7.4, f is (c; b)-almost-
pre-open. h
Theorem 7.6. A mapping f : X! Y is (c; b)-almost-pre-open
if and only if f1ðpclb ðBÞÞ# dclc ðf1ðBÞÞ, for all B#Y.
Proof. Let B#Y. By Theorem 7.5, we have that
dintc ðf1ðY BÞÞ# f1ðpintb ðY BÞÞ. Then dintc ðX
f1ðBÞÞ# f1ðpintb ðY BÞÞ. As pintb ðBÞ ¼ Y pclb ðY BÞ,
therefore X dclc ðf1ðBÞÞ# f1ðY pclb ðBÞÞ or X dclc
ðf1ðBÞÞ#X f1ðpclb ðBÞÞ. Hence f1ðpclb ðBÞÞ# dclc
ðf1ðBÞÞ. Conversely, let B#Y. By hypothesis,
f1ðpclb ðY BÞÞ# dclc ðf1ðY BÞÞ. Then X dclc
ðf1ðY BÞÞ#X f1ðpclb ðY BÞÞ. Hence X dclc
ðX f1ðBÞÞ# f1ðY ðpclb ðY BÞÞÞ. This implies that
dintc ðf1ðBÞÞ# f1ðpintb ðBÞÞ. Now from Theorem 7.5, it fol-
lows that f is (c; b)-almost-pre-open. h
Theorem 7.7. Let f : X! Y and g : Y! z be two mappings.
(i) If g is (b; q)-almost-pre-open injective and gof is
(c; q)-pre-continuous, then f is (c; b)-almost-pre-
continuous;
(i) If f is (c; b)-pre-open surjective and gof is (c; q)-
almost-pre-continuous, then g is (b; q)-almost-pre-
continuous.Proof.
(i) Let U 2 ROb ðY Þ. Since g is (b; q)-almost-pre-open,
then gðUÞ 2 POq ðZÞ. Since g is injective and gof is
(c; q)-pre-continuous, we have that ðgof Þ1ðgðUÞÞ ¼
ðf 1og1ÞðgðUÞÞ ¼ ðf 1ðg1ðgðUÞÞÞ ¼ f 1ðUÞ is c-pre-
open in X. This proves that f is (c; b)-almost-pre-
continuous.
(ii) Let V 2 ROq ðZÞ. Since gof is (c; q)-almost-pre-contin-
uous, then ðgof Þ1ðV Þ 2 POc ðX Þ. Also f is (c; b)-pre-
open, so f ððgof Þ1ðV ÞÞ 2 POb ðY Þ. Since f is surjective,
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ððfof 1Þog1ÞðV Þ ¼ g1ðV Þ. It follows that g1ðV Þ 2
POb ðY Þ. This proves that g is (b; q)-almost-pre-contin-
uous. h
Deﬁnition 7.2. A mapping f : X! Y is said to be
(c; b)-almost-pre-closed if for any A 2 RCc ðXÞ;
fðAÞ 2 PCb ðYÞ.
Remark 7.2. Every (c; b)-pre-closed mapping is (c; b)-
almost-pre-closed. But converse need not be true.
From Example 7.1, we have that f is (c; b)-almost-pre-
closed. Also fðfa; c; dgÞ ¼ f2; 3; 4g is not b-pre-closed in Y
for the c-pre-closed set fa; c; dg of X. Hence f is not (c; b)-
pre-closed.
Note that if f : X! Y is (c; b)-almost-pre-closed and
g : y! z is (b; q)-almost-pre-closed, then the composition
gof : X! z is not (c; q)-almost-pre-closed mapping.
In Example 7.2, deﬁne f : X! Y by
fðaÞ ¼ b; fðbÞ ¼ a; fðcÞ ¼ c and fðdÞ ¼ d and deﬁne g : y! z
by gðaÞ ¼ a; gðbÞ ¼ b; gðcÞ ¼ d and gðdÞ ¼ c. Then f and g
are (c; b)-almost-pre-closed and (c; q)-almost-pre-closed
respectively. Also ðgofÞðfa; c; dgÞ ¼ fb; c; dg is not q-pre-
closed in Z for the c-regular-closed set fa; c; dg of X. Hence
gof is not (c; q)-almost-pre-closed.
Theorem 7.8. If f : X! Y is (c; b)-almost-pre-closed and
g : y! z is (b; q)-pre-closed, then the composition
gof : X! z is (c; q)-almost-pre-closed.
Proof. Straightforward. h
Theorem 7.9. A mapping f : X! Y is (c; b)-almost-pre-
closed if and only if for each subset B of Y and each c-regu-
lar-open set A in X containing f1ðBÞ, there exists a b-pre-open
set C in Y containing B such that f1ðCÞ#A.
Proof. Let C ¼ Y fðX AÞ. Since f1ðBÞ#A, we have that
fðX AÞ#Y B. Since f is (c; b)-almost-pre-closed, then C
is b-pre-open and f1ðCÞ ¼ X f1ðfðX AÞÞ#X
ðX AÞ ¼ A. Conversely, let U be any c-regular-closed set
of X and B ¼ Y fðUÞ. Then f1ðBÞ ¼ X f1
ðfðUÞÞ#XU and XU is c-regular-open. By the hypothe-
sis, there exists a b-pre-open set C of Y containing B such that
f1ðCÞ#XU. Then, we have that f1ðCÞ \U ¼ ; and
C \ fðUÞ ¼ ;. Therefore, we obtain Y fðUÞ  C 
B ¼ Y fðUÞ and fðUÞ is b-pre-closed in Y. This shows that
f is (c; b)-almost-pre-closed. h
Theorem 7.10. Let f : X! Y be a bijective mapping. Then the
following statements are equivalent:
(i) f is (c; b)-almost-pre-open;
(ii) f is (c; b)-almost-pre-closed;
(iii) f 1 is (b; c)-almost-pre-continuous.Proof.
(i) ) (ii). Let U be a c-regular-closed set in X. Take
V ¼ X  U . Then V is c-regular-open in X. Since f is
(c; b)-almost-pre-open, f ðV Þ ¼ f ðX  UÞ ¼ Y  f ðUÞ is
b-pre-open in Y. Hence f ðUÞ is b-pre-closed in Y. There-
fore f is (c; b)-almost-pre-closed.
(ii) ) (iii). Let U be a c-regular-closed set in X. Since f is
(c; b)-almost-pre-closed, we have that f ðUÞ ¼ ðf 1Þ1ðUÞ
is b-pre-closed in Y. Then by Theorem 7.5, f 1 is (b; c)-
almost-pre-continuous.
(iii) ) (i). Let V be a c-regular-open set in X.
Since f 1 is (b; c)-almost-pre-continuous, ðf 1Þ1ðV Þ ¼
f ðV Þ is
c-pre-open in Y. Hence f is (c; b)-almost-pre-open. h
Deﬁnition 7.3. A mapping f : X! Y is said to be
(c; b)-almost-pre-homeomorphism if f is bijective, (c; b)-
almost-pre-continuous and f1 is (b; c)-almost-pre-
continuous.
Remark 7.3. In the topological spaces, every (c; b)-pre-
homeomorphism mapping is (c; b)-almost-pre-homeomor-
phism. But converse need not be true.
Let X ¼ fa; b; c; dg;Y ¼ f1; 2; 3; 4g; s ¼ f;;X; fag; fbg; fcg;
fa; bg; fa; cg; fb; cg; fa; b; cg; fb; c; dgg and r ¼ f;;Y; f2g; f3g;
f4g; f2; 3g; f2; 4g; f3; 4g; f1; 3; 4g; f2; 3; 4gg and deﬁne opera-
tions c : s! PðXÞ and b : r ! PðYÞ by
cðAÞ ¼ A if A ¼ fcg
clðAÞ if A– fcg

for every A 2 s
and
bðAÞ ¼ intðclðAÞÞ if A ¼ f1g
clðAÞ if A– f1g

for every A 2 r
respectively.
Deﬁne f : X! Y by fðaÞ ¼ 4; fðbÞ ¼ 3; fðcÞ ¼ 2 and
fðdÞ ¼ 1. Then f is (c; b)-almost-pre-homeomorphism. Also
f1ðf3; 4gÞ ¼ fa; bg is not c-pre-open in X for the b-pre-open
set {3, 4} of Y. Hence f is not (c; b)-pre-continuous. Thus f is
not (c; b)-pre-homeomorphism.
Theorem 7.11. Let f : X! Y be a bijective and (c; b)-almost-
pre-continuous mapping. Then the following statements are
equivalent:
(i) f is (c; b)-almost-pre-open;
(ii) f is (c; b)-almost-pre-closed;
(iii) f is (c; b)-almost-pre-homeomorphism.
Proof. Follows from the Deﬁnition 4.3 and Theorem 4.10.
h
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